Fayalite granitoids of the Cobquecura Pluton, Central Chile, occur in an active continental margin setting, which is unusual for such rocks. They are closely associated with gabbros, and both lithologies contain hercynite-rich, Fe-rich metapelitic xenoliths. The primitive magmas of the Cobquecura Pluton are derived from a mafic source, similar to the regional subarc subcontinental mantle. Sr-Nd-Pb isotope data demonstrate that crustal contributions were important in the petrogenesis of the fayalite granitoids. The crustal contribution, however, does not consist of rocks similar to the regionally exposed Paleozoic basement rocks, but rather resembles partial melts derived from metapelitic rocks at depth. The corresponding restites are the hercynite-rich xenoliths. A relatively high content of rare earth elements and high field strength elements in the fayalite granitoids is linked to selective assimilation of crust. This is evident from the abundant xenoliths that are entrained in the fayalite granitoids, and whose leucosomes are rich in accessory minerals carrying these elements. Such Fe-rich rocks similar to the hercynite-rich xenoliths could have acted as a chemical buffer keeping the oxygen fugacity low, which is crucial for the generation of fayalite bearing granitoids.
Introduction
Granitoids are the most abundant plutonic rocks in the Earth's upper continental crust and their formation is linked to a wide spectrum of different tectonic and geodynamic processes. Granitoids may either form by differentiation of mafic, mantle-derived melts, or by partial melting of crustal rocks. In many continental settings, granitoid petrogenesis involves both fractional crystallization of mantle-derived melts, and assimilation of crustal material. Fayalite-bearing granitoids are fairly rare. Their occurrences are mainly related to anorogenic or alkaline magmatic complexes, usually of intraplate setting (e.g., Njonfang and Moreau, 2000; Frost et al., 2002, and references therein) . Most fayalite granitoids occur in Precambrian terrains (e.g., Pikes Peak Batholith, Central Colorado, USA, Smith et al., 2001; Sherman Batholith, Wyoming, USA, Frost et al., 1999; Padthaway Ridge, South Australia, Turner et al., 1992) . Only few fayalite granitoids are known from Phanerozoic terrains, e.g., the anorogenic province of Corsica (France) (Poitrasson et al., 1995) and the Tibchi anorogenic ring complex of Nigeria (Mücke, 2003) . Fayalite granitoids are characterized by comparatively high overall Fe contents, high FeO/(FeO+MgO) ratios, the occurrence of Fe-rich anhydrous mafic minerals such as fayalite to this unit indicate that metamorphism occurred mainly in the Late Paleozoic (PermoCarboniferous; Willner et al., 2005 , Glodny et al., 2006 .
Characteristics of the xenoliths in the Cobquecura Pluton
The Cobquecura Pluton displays different types of xenoliths related to diverse structures within the pluton (Table 1, Figs. 3 and 4) . Igneous, metapelitic and meta-igneous fragments are common in the magmatic breccia. In gabbros and fayalite granitoids, only metapelitic xenoliths were observed.
Metapelitic xenoliths
Different types of metapelitic xenoliths are present in the gabbros, with either upper crustal (low-grade metamorphic) or lower crustal (high-temperature metamorphic) characteristics. A first group of xenoliths is considered here as upper crustal xenoliths, as it is very similar to the local metamorphic basement at the outcrop level. These xenoliths are colored brown to gray, display a strong foliation, and show folds with segregated quartz (Fig. 3c, d ). The upper crustal xenoliths contain white mica, chlorite, quartz and opaque minerals. Pinitized cordierite is found at the contact with the intrusive rocks. A second group of metapelitic xenoliths is present both in the gabbro and the fayalite granitoids. Their mineralogy and their leucosome content indicate that they are restitic xenoliths, which, while entrained into the gabbro, preserved their original foliation and some relict leucosome. The shape of these xenoliths is stretched, indicating plastic deformationIn places there are quartz-feldspar-rich aureoles in the surrounding gabbro, indicating mass transport from the xenoliths into the gabbro (Fig. 3e, f) . Regarding the leucosome content, two types of restitic xenoliths can be distinguished, one with high leucosome content (highleucosome restitic xenoliths, HLRX) and another with low leucosome content (lowleucosome restitic xenoliths, LLRX) (see Table 1 ). Both show similar melanosomes with granolepidoblastic textures, abundant hercynite (ca. 30 vol.%), cordierite, corundum, plagioclase, scarce sillimanite and opaque minerals together with late biotite; the opaque minerals are mainly ilmenite with minor magnetite and Fe-sulphides (Fig. 4a, b, c) . This mineralogy is typical for high temperature-low pressure metamorphism in metapelites. The HLRX occasionally display a layered structure with coarse-grained granitic leucosomes. The LLRX display a leucosome with high concentrations of zircon, with minor apatite, monazite and xenotime.
U-Pb data: zircon of a metapelitic xenolith
Abundant zircon in the leucosome of a low-leucosome restitic xenolith (LLRX; Fig. 4d ) allowed us to date zircon in-situ by U-Pb methods using LA-ICPMS (see electronic Appendix A for methodology). Some zircon grains display inherited rounded cores, mantled by apparently magmatic overgrowths. Using data from zircon cores and mantle, a discordia line is defined with an upper intercept at 651 +88/-91 Ma and a lower intercept at 202 + 16/-19 Ma (Fig. 5 ; analytical data in electronic Appendix B). We interpret the cluster of concordant age data at about 200 to 210 Ma (Fig. 5, inset) as the crystallization age of the last magmatic zircon generation. Obviously, the zircon population of the metasedimentary precursor rock of the xenolith was strongly affected by the magmatic processes of Cobquecura plutonism at around 210 Ma. The upper intercept age suggests presence of inherited Neoproterozoic zircon. For metapelitic rocks comparable to the country rocks of the Cobquecura pluton, presence of Neoproterozoic detrital zircon is common for Coastal Central Chile (Willner et al., 2008) .
Xenoliths of the magmatic breccia
The magmatic breccia contains fragments of metapelite, quartzite, monzogabbroic xenoliths (MX) and meta-microgabbroic xenoliths (MMX), mostly with cuspate forms, (Table 1, Fig. 3a, b) , in a tonalitic to granodioritic matrix. MMX show ophitic to subophitic texture with plagioclase and clinopyroxene, together with recrystallized amphibole, orthopyroxene and biotite (Table 1) . Metapelitic xenoliths with lepidogranoblastic texture (Fig. 3a, b ) are similar to high-leucosome restitic xenoliths (HLRX, Table 1 ).
Geochemical characteristics

Intrusive rocks
The Cobquecura Pluton comprises a subalkaline suite with a SiO 2 content between 48 and 76 wt.% and a small compositional gap between 57 % and 63 % wt.% SiO 2 . The most differentiated rocks are leucocratic dikes and granitoids without fayalite. Compositional continuity exists between metaluminous mafic rocks and slightly peraluminous, more differentiated rocks richer in K 2 O and with a higher FeO*/(FeO*+MgO) (total iron as FeO; . The different rocks of the Cobquecura Pluton all have gently sloped rare-earth element (REE) patterns, with a steeper slope in the LREE (La N /Sm N = (1.1 -3.4) than in the HREE (Gd N /Lu N = 1.2 -1.7; Fig. 6 ). The HREE patterns are almost parallel, whereas LREE patterns gradually increase their slopes with increasing SiO 2 -content, which is typical for fractional crystallization processes (Fig. 6a) . Consequently, REE patterns of the mafic rocks are more gently sloped (La N /Yb N = 1.9 -3.7) than those of the felsic rocks (La N /Yb N = 4 -8).
The total REE-contents of the fayalite granitoids are higher than those of the fayalite-free granitoids, despite their lower SiO 2 -content compared to the fayalite-free granitoids (Fig. 6a,  b) . All felsic rocks consistently have negative Eu anomalies (Eu/Eu* = 0.3 -0.9), which are markedly less pronounced in the fayalite granitoids despite of their higher overall REEcontents (Fig. 6a, b) . Gabbros have no or only a weakly negative Eu anomaly (Eu/Eu* = 0.9 -1.0; Fig. 6a ), whereas gabbronorite displays a positive Eu anomaly (Eu/Eu* = 1.4 -1.6). In primitive-mantle normalized multielement diagrams, all rocks of the Cobquecura Pluton show positive Pb and negative P anomalies and display only a weak Nb-Ta trough (Fig. 7) . The felsic rocks are richer in incompatible elements (e.g., Rb, Th, and U) than the mafic rocks and display strong negative Sr-and Ti-anomalies. Complementary Eu-, Sr-and Ba-anomalies point to feldspar fractionation, whereas negative Ti-anomalies point to ilmenite fractionation (Fig. 7a, b) . The mafic rocks have weak positive Ba-, Sr-and Ti-anomalies that may indicate accumulation processes of feldspar and ilmenite in the mafic rocks. Among the felsic rocks, the fayalite granitoids show the smallest Eu-, Sr-and Ti-anomalies and among the intrusive rocks they are the richest in compatible elements (e.g., HREE) and high field strength elements, HFSE (Zr, Nb and Y) . Most of the variation diagrams of trace elements show well-defined trends for the whole suite of magmatic rocks (Fig. 8) . U, Th, and Pb display a positive correlation with SiO 2 content. Nb increases with increasing SiO 2 content up to 57 wt.-% (compositional gap) and decreases from 63 wt.% SiO 2 content. Zr vs. Nb and Y vs. Nb show positively correlated trends with Y-, Zr-, and Nb-poor gabbroic rocks and Y-, Zr-, and Nb-rich felsic rocks (Fig. 8) .
Metamorphic basement and xenoliths
The metamorphic basement in the Cobquecura area consists of metapelite and quartzmetapsammite (which are present and easy to recognize in the intrusive rocks as upper crustal xenoliths) with SiO 2 contents between 58 and 73 wt.%, Al O of 13 -17 wt.%, Fe O 2 3 2 3 of 3.9 -8.5 wt.%, TiO of 0.7 -1.0 wt.% and K 2 2 O of 3 -3.5 wt.% (Table 2) . The REE concentrations range between 163 and 203 ppm with uniform REE patterns. They display La N /Yb N = 7.9 -8.5, combined with negative Eu anomalies (Eu/Eu* = 0.6 -0.7). The trace element patterns normalized to the average composition of continental crust are also rather uniform for most samples and show negative anomalies of Ba, Nb, Ta, Sr, and Ti (Fig. 7c) . The trace element signatures of the basement around Cobquecura (36°S), of the regional metamorphic basement south of 37°S (Figs. 6c, 7c) , and of North American Shale Composite (NASC, Gromet et al., 1984, not shown) (0.9 to 1.6 wt. %) and K 2 O (1.2 to 6.3 wt. %) than the metamorphic basement around Cobquecura (Table 2 ). These metapelitic-restitic xenoliths also are richer in compatible elements (e.g., HREE), in HFSE (Y, Zr, and Nb), and in Sr/ Sr i (at 210 Ma) ratios of Cobquecura Pluton igneous rocks range from 0.7035 to 0.708 with distinctly positive to slightly negative εNd between 6.8 and -1.9 (Fig. 9 , Tab. 3). (Fig.  11a) ; their εNd i values range from 6.8 to −0.2 (Fig. 9) . Fayalite granitoids have 87 Sr/ 86 Sr i near 0.707 and εNd i from -0.6 to -0.7, similar to the more differentiated gabbroic rocks (Fig. 9) , whereas the fayalite-free granitoids have slightly more negative εNd i values (-1.0 to -1.9), but display similar (Fig. 11a, b Pb/ Pb i ) , and 38.15 -38.76 ( 208 204 Pb/ Pb i ), respectively. They plot below the Andean Pb-line as defined by Lucassen et al. (2002) that shows the evolution of the average Andean crust (Fig. 10) Pb/ Pb ratio (37.78) compared to the regional basement (Fig. 10) Pb/ Pb (210 Ma) = 38.40 -38.43).
Discussion
Nature of the continental crust
Late Paleozoic granitoids and metapelites form the upper crust at the present outcrop level of the Central Chilean continental margin. The formation of the upper crust in this segment is mainly related to recycling of Proterozoic continental basement in a continental margin setting, with a resulting composition close to the average of the old continental crust of SW Gondwana (as described by Lucassen et al., 2004) . This upper crust is isotopically and lithologically relatively homogeneous along the Chilean continental margin . The regional granitoid crust displays on average higher εNd i and lower 87 Sr/ 86 Sr i compared to values of the metapelitic crust ( Fig. 9 ). Initial Pb isotopic ratios (at 210 Ma) of the regional granitoid crust are generally similar to those of the regional metapelitic crust but show more restricted ranges (Fig 10) . The regional metamorphic metapelitic crust as constrained by Lucassen et al. (2004) Pb/ Pb i ratios compared to the rest of the metamorphic basement along the Chilean margin south of 37°S, although the isotopic variability of the local samples is much smaller (Fig. 10 ).
The restitic xenoliths (both high-leucosome HLRX and and low-leucosome LLRX) of the Cobquecura Pluton have distinctive petrographical, geochemical and Sr and Nd isotopic characteristics with respect to the metamorphic basement neighboring the Cobquecura Pluton as well as to the xenoliths that come from this basement. Differences in the Pb isotopic composition among these samples are not significant, with the exception of a remarkably low initial 208 
Pb/ 204
Pb ratio of LLRX (Fig. 10) . The restitic xenoliths (HLRX and LLRX) are rich in hercynite and cordierite, a typical paragenesis for metapelites at upper amphibolite to granulite facies conditions. The association cordierite -hercynite -quartz, without garnet, is stable at high temperatures at pressures of 2 to 8 kbar (Bucher and Frey, 2002; Spear, 1993) . Some of these restitic xenoliths preserve layers of granitic leucosome, reflecting a stage of anatectic melting. The compositional layering with both hercynite and cordierite, which follow the main foliation, indicates that these minerals were formed by regional rather than by intrusion-related contact metamorphism. The low leucosome content in LLRX suggests that these xenoliths experienced a stage of melt extraction, with a melt composition similar to the leucosome of the HLRX. Decreasing leucosome-content from the HLRX to the LLRX is correlated with increasing REE, Th, and HFSE contents, and decreasing Rb, K 2 O, and Pb. This pattern is probably related to the early feldspar melting during leucosome formation, and subsequent extraction of felsic melt. Furthermore, the high contents of Th, HFSE and REE in the LLRX with scarce leucosome are related to the presence of zircon, apatite, monazite and xenotime in the leucosome.
The restitic xenoliths (HLRX and LLRX) have, compared to the average value for metapelitic xenoliths metamorphosed at granulite or amphibolite facies conditions (Rudnick and Fountain, 1995) , similar compatible element and Rb contents, but are enriched in Th. The xenoliths display Sr-Nd-Pb initial isotopic ratios similar to those of the local and regional Cobquecura crust (Figs. 9 and 10). However, the xenoliths display high La N /Yb N ratios (Figs. 6 and 11), and are richer in FeO, Al O , TiO 2 3 2 , Th, REE, and HFSE than the surrounding metapelitic basement. These geochemical differences, together with the higher metamorphic grade and the restitic nature of the xenoliths, suggest that they were not derived from the surrounding metamorphic basement, but from a "deeper level" with a different history, probably from the middle crust. The enrichment combined with low initial 208 Pb/ 204 Pb (210 Ma) ratio particularly of LLRX xenoliths ( Fig. 10) indicates that the restitic xenoliths do not represent deep crust that had experienced Proterozoic or older high-grade metamorphism but that the present geochemical signatures were acquired in the Phanerozoic.
Mantle-derived melts and crustal influence
The most primitive rocks in the Cobquecura Pluton are gabbronorites. They display the highest εNd i , the lowest 87 86
Sr/ Sr i ratios and show the most depleted incompatible element signatures of the entire suite. Their Nd-Sr isotope signature is similar to that of other primitive magmatic rocks along the Chilean Mesozoic arc, which are considered to reflect the composition of the subarc subcontinental mantle including additions from the subduction zone . The subarc subcontinental mantle shows lower εNd and higher Pb/ Pb ratios than the subarc subcontinental mantle and Pacific MORB at 210 Ma. The absence of negative Eu-and Sr-anomalies and the low ratios of La N /Yb N (1.7 -3.3) in the mafic rocks suggest that neither plagioclase nor garnet were residual phases in their source . The LILE enrichment, the positive Pb anomaly and the negative Nb-Ta trough present in both gabbros and granitoids (Fig. 7) are typical of magmatic rocks generated in continental magmatic arcs (e.g., Hawkesworth et al., 1993) .
Petrogenesis of the Cobquecura Pluton
Previous models have explained fayalite granitoids as granitic residual melts from the fractional crystallization of mafic magmas (i.e., Pitcher, 1997; Frost and Frost, 1997; Turner et al., 1992) . Another hypothesis is that fayalite granitoids originate from partial melting of a dehydrated source, like granulites of the lower continental crust (e.g., Collins et al., 1982) . Possible regional sources for the formation of the fayalite granitoids of the Cobquecura Pluton are the subarc-subcontinental mantle, Late Paleozoic upper continental crust (granitic and metamorphic) or a deeper level crust represented by the restitic xenoliths described above. It is noteworthy that the restitic xenoliths (HLRX and LLRX) were not found in fayalite-free granitoids. Based on the field, petrographic and geochemical characteristics, possible processes contributing to fayalite granitoid's petrogenesis are fractional crystallization and assimilation of continental crust. These processes and the role of the possible sources in the generation of the fayalite granitoids magmas are evaluated in the next sections.
Evidence for fractional crystallization
Major and trace element arrays demonstrate the importance of fractional crystallization and accumulation processes. CaO, K 2 O and MgO display coherent arrays in Harker diagrams and X of mafic minerals displays an excellent correlation with X of the corresponding whole Mg Mg rock . Fractional crystallization processes are also indicated by the correlations of trace element contents such as Y and Nb (Fig. 8g) and the complementary BaEu-and Sr-anomalies displayed by the gabbros and granites in the normalized multielement diagrams and the REE patterns, respectively (Figs. 6 and 7). An exclusive origin of the fayalite granitoids by fractional crystallization from the primitive mafic magmas can be ruled out by their different Sr-Nd isotope signatures (Fig. 9) . However, it is remarkable that the fayalite granitoid and the more contaminated gabbros display similar εNd i (Fig. 9) , consistent with an origin of this granitoid from the more contaminated gabbros. For pure fractional crystallization processes, parallel patterns with increasing contents of REE and more pronounced negative Eu-anomalies with increasing differentiation could be expected. However, although the REE-patterns are fairly parallel (Fig. 6 ), fayalite-bearing granitoids (63 -71 wt. % SiO 2 ) have higher REE contents and smaller negative Eu-anomalies than the fayalite-free granitoids (67 -76 wt. % SiO 2 ) (Fig. 6) . Therefore, the REE patterns disagree with an origin of the fayalite granitoids from closed-system fractional crystallization from a mafic magma. Instead, the fayalite granitoids must have originated from open-system fractional crystallization from a gabbroic, mantle-derived magma with associated assimilation processes.
Assimilation processes
The Cobquecura Pluton displays abundant field evidence for assimilation of metapelitic crust, such as metapelitic xenoliths with quartz-feldspar rich assimilation aureoles (Fig. 3) (Fig. 9, Table 3 ). This indicates that the above crustal lithologies are not the only and apparently not even the dominant sources for Cobquecura granitoids. The most primitive mafic rocks of the Cobquecura Pluton have compositions of εNd 87 86 of 6.8, Sr/ Sr i i of 0.7035, close to the regional sub-arc mantle. In contrast, initial Pb isotopic ratios are similar to those of the regional continental crust (Fig.  10) . These characteristics point to a mantle source of the gabbros, with modification of the magmas during ascent by assimilation of minor amounts of crust characterized by more radiogenic lead. The resulting signatures in Sr, Nd, and Pb are due to the contrasting contents of these elements in the mantle and the crust. Minor assimilation of crustal material will only slightly alter the Nd and Sr isotopic signatures of mantle-derived melts, whereas Pb isotopic signature will entirely be dominated by the Pb-rich crustal material. The Pb-Nd-Sr isotopic compositions of the Cobquecura Pluton demonstrate that none of the reservoirs upper crust, deeper crust and mantle could serve as sole source for the magmas. The good correlation between the 87 86
Sr/ Sr ratios and SiO contents (and La i 2 N /Yb N ) for the gabbroic rocks (Fig. 11 ) also suggests that fractional crystallization processes in the magma chamber were accompanied by assimilation of ambient crust, with a composition similar to the LLRX leucosome. As to the more differentiated lithologies, the fayalite bearing granitoids and the fayalite-free granitoids display obvious differences. Among these are the modal composition and the content of Al-and Fe-rich restitic xenoliths. Further, fayalite granitoids show higher REE and HFSE contents (Figs. 6, 7, and 8) , and their H O-poor, Fe-rich mineralogy points to lower fO 2 2
and H 2 O activity. This shows that assimilation of Fe-rich rocks, which are compositionally similar to the Al-and Fe-rich restitic xenoliths, in the middle or lower continental crust could be an important process in the petrogenesis of the fayalite granitoids. In contrast, the relatively elevated a H2O and fO 2 of the fayalite-free granitoids suggest an assimilation of a more hydrated crust, similar to the upper crust at the outcrop level. The fayalite granitoids crystallized at oxygen fugacity below the fayalite-magnetite-quartz buffer ), which suggests a major influence of reduced sources. Both the primitive mafic rocks (with their presence of sulfide phases) and restitic xenoliths (HLRX and LLRX, with their occasional presence of sulfide, and with the Fe 2+ -rich minerals hercynite and cordierite) display indications for low oxygen fugacity, which is consistent with the low oxygen fugacity recorded by the fayalite granitoids (this work, and .
Selective assimilation processes
Anatectic processes are indicated by the presence of leucosomes in the restitic xenoliths, and may facilitate selective assimilation processes (c.f. Hogan and Sinha, 1991, Zeng et al., 2005) . Selective assimilation of ambient crust is suggested by field evidence (Fig. 3) , and is also indicated by the chemical and isotopic behavior of the Cobquecura rocks. The differences between leucosome compositions of the different restitic xenoliths in the Cobquecura Pluton define two types of leucosome: a feldspar-rich, accessory minerals-poor leucosome of the HLRX, and a feldspar-poor, accessory mineral-rich leucosome of the LLRX. The leucosome of the HLRX is generated in an anatectic process and represents an initial and feldspar-quartz rich melt, with a zircon-and monazite-rich residuum. Fayalite-free granitoids could have been generated through the assimilation of a melt similar to the leucosome of the HLRX. The paragenesis of potassic feldspar, plagioclase and quartz suggests a low melt temperature similar to the temperature of eutectic melting in water-rich granitic systems, i.e. ca. 650°C (e.g., Holtz et al. 2001) . After this first-stage melt extraction processes and with an increasing degree of melting, the 'later' melt will carry less feldspar and more zircon and monazite, as it is observed in the leucosome of the LLRX. The modal differences in feldspar, zircon, apatite, monazite and xenotime between the leucosomes of the HLRX and LLRX lead to differences in the Rb, K 2 O, Pb, Th, HFSE, and REE contents in the different restitic xenoliths included in gabbros and fayalite granitoids. Progressive anatectic melting also has the potential to induce changes in Pb, Sr and Nd isotopic Th/ Pb ratios (i.e. zircon, monazite) ( Hogan and Sinha, 1991) . Similarly, the Sr isotopic composition of the leucosomes may also change with progressive melting. Radiogenic Sr is associated with Rb-rich phases, mainly with micas and alkali feldspar. Dehydration melting, resulting in the decomposition of the micas and feldspar would result in a relatively radiogenic Sr isotopic composition in the leucosome and a less radiogenic Sr isotopic composition in the restite. With progressive melting, the bulk composition of the leucosome will become less radiogenic once the major Rb carriers have been melted, and lowRb/Sr phases increasingly contribute to the leucosome. In a similar way, the preferential melting of minerals with a steep REE pattern (e.g., feldspars) will transfer Nd with lower εNd (210 Ma) values into the melt than that of the bulk rock or the residue. Thus, the restite will have higher εNd (210 Ma) values than the original bulk rock, possibly depending on the degree of melting. The removal of leucocratic melts will affect both the chemical and isotopic character of the residue. Thus, the contrasting chemical and isotopic fingerprints of the metapelitic low-grade basement and the restites do not necessarily imply that different sources were involved. Instead, it implies that the restitic xenoliths have been modified by melt extraction. Furthermore, the component added to the mantle-derived melts by selective melting from metapelites carries an isotopic and geochemical signature that is complementary to that of the restites. In the Cobquecura Pluton, LLRX with low leucosome content and higher accessory mineral contents display slightly less radiogenic initial Pb isotopic compositions (with respect to content and lower accessory mineral contents. Furthermore, the restites have less radiogenic Sr isotopic compositions than the metapelites of the basement. The above considerations show that the elemental and isotopic composition of the restitic xenoliths does not necessarily represent the composition of the crustal contaminant of the Cobquecura mafic magmas. This poses difficulties to identify the exact nature and composition of the lower crustal domain from which the restitic xenoliths originate, and is a severe complication in quantitative modeling of the differentiation-assimilation history. In summary, geochemical and Sr-Nd-Pb isotopic evidence indicates that the fayalite granitoids formed by means of an open-system fractional crystallization from a gabbroic, mantle-derived magma, combined with selective assimilation of continental crust during differentiation. Fayalite granitoids have comparatively low Pb/ Pb (210 Ma) in common with the LLRX xenoliths. This may point to a major role of leucosome lost from the LLRX in the formation of the fayalite granitoids. This is consistent with the relatively high content of REE and HFSE elements in the fayalite granitoids, which corresponds to the high concentration of these elements in the preserved leucosomes of LLRX xenoliths.
Comparison with other fayalite granitoids worldwide
Fayalite granitoids from Cobquecura occur in an unusual extensional, subduction-related geodynamic setting . This tectonic setting differs from the typical intracratonic setting of Precambrian fayalite bearing granitoids and from the extensional setting of most Phanerozoic fayalite granitoids. Worldwide, the Precambrian fayalite-bearing granitoids are commonly closely associated with rapakivi granites, anorthosite -mangeritecharnockite -granite suites (AMCG), and the Phanerozoic fayalite granitoids to anorogenic ring complexes (e.g., Frost et al., 2002; Poitrasson et al., 1995) . The petrogenesis of AMCG suites has been subject of discussion for a long time and its relation with fayalite granitoids is still problematic owing to the suggested different origins for the fayalite granitoids in the different localities where they occur. One of the best-studied fayalite-bearing suites is the Laramie Anorthosite Complex (LAC) in Wyoming ( Frost and Frost, 1997, Frost et al., 2002; Anderson et al., 2003) . Anderson et al. (2003) conclude that these fayalite granitoids were formed by the interaction of a hot, dry ferrodioritic magma derived by fractional crystallization or partial melting from a tholeiitic parent, with assimilated felsic crust. This ferrodioritic magma had high FeO*/(FeO*+MgO) ratios and high REE and Zr contents. Crystallization conditions, mineralogical association, trace element and Sr-Nd initial isotope ratios of fayalite granitoids from Cobquecura are very similar to those from the Sherman Batholith and Mule Creek fayalite granitoids (associated with the LAC, Frost et al., 2002) . In the Cobquecura Pluton there is no evidence of a residual ferrodiorite, but restitic xenoliths also present high FeO * /(FeO * +MgO), are rich in REE and Zr, and display a signature of low oxygen fugacity. Our data show that a deep crust, depleted fragments of which are represented by the restitic xenoliths, has contributed to the magmas of the fayalite granitoids. Probably the selective assimilation of this metapelitic deep crust has enhanced the REE and HFSE contents and FeO * /(FeO * +MgO) ratios in the fayalite granitoids. A common aspect of all models for fayalite granitoid's genesis is involvement of a lithology with low oxygen fugacity (mafic rocks, ferrodiorite, granulitic felsic lower crust). This lithology is required as a chemical buffer to keep the redox condition below or near to the FMQ buffer, which together with low a H2O favor the generation of fayalite-bearing granitoids.
Concluding remarks
The Cobquecura Pluton displays comagmatic and genetically related fayalite granitoids and gabbroic rocks. Both lithologies contain restitic metapelitic xenoliths. Our data show that the important processes involved in the generation of the fayalite granitoids were fractional crystallization combined with assimilation. Major element and trace element data show that an open-system fractional crystallization from a mafic magma with associated selective assimilation were the key processes in the generation of the granitoids of Cobquecura. The SrNd isotope signature of the most primitive mafic magma is similar to that of the regional subarc-subcontinental mantle. The isotopic data show that the assimilated crustal material is strikingly similar to the deep-crustal restitic metapelitic xenoliths which are observed both within gabbros and fayalite granitoids. Different degrees and styles of assimilation may explain why there are fayalite-free and fayalite-bearing-granitoids. We propose that fayalitefree granitoids formed by assimilation of melts with overall characteristics of the granitic leucosome of the high-leucosome restitic xenoliths (HLRX), whereas the composition of the fayalite granitoids is best explained by assimilation of melts resembling the accessorymineral-rich leucosome of the low-leucosome restitic xenoliths (LLRX). Fayalite granitoids from Cobquecura occur in a subduction-related extensional geodynamic setting , which is atypical and differs from the usual intracratonic and extensional setting where most of the fayalite granitoids worldwide occur. From comparison of existing models for fayalite granite genesis with our observations it appears that the important and common feature critical for fayalite granitoids generation is the presence of a lithology with low oxygen fugacity (certain mafic rocks, ferrodiorite, or, as in our case, a certain type of lower crust), which have a role as a chemical buffer and keep the oxygen fugacities near to the FMQ buffer. In the case of the Cobquecura Pluton this low oxygen fugacity component most likely had a composition close to that of the restitic xenoliths present in the mafic rocks and the fayalite granitoids. 
Figures
Figure 1: a) Distribution of late Triassic-early Jurassic magmatism in the Cordillera de la Costa between 29° and 37°S; compiled after Godoy (1970) , Hervé and Munizaga (1978) , Dávila et al. (1979) , Gajardo (1981) , Gana and Hervé (1983) , Mpodozis and Kay (1992) , Parada et al. (1999) and Willner et al. (2004) . LF: Lanalhue Fault , BBFZ: Bío-Bío Fault Zone (Rehak et al. 2008) ; IL: Itata Lineament; Maule Lineament; PVF: Pichilemu-Vichuquén Fault (Willner et al. 2005) ; MA: Melipilla Anomaly (Yañez et al. 1998 ). Western and Eastern Series distribution after Hervé et al. 2007 . b) Geological sketch map of the Cobquecura Pluton (after and sample location. Isotopic ages are taken from Vásquez et al. (2005) and . The arrows show the localities with fayalite granite. (Taylor and McLennan, 1995) multielement diagrams for rocks from the metamorphic basement at the Cobquecura area and metapelitic xenoliths. The gray area represents the compositions of the Paleozoic metamorphic basement at the Cordillera de la Costa south of the 37°S (adapted from Lucassen et al. 2004 ). (*) Representative RFA major element analyses from magmatic rocks of the Cobquecura Pluton taken from . Major elements in wt-%; trace elements in ppm. a) Samples were dissolved with conc. HF for four days at 160°C on the hot plate. Digested samples were dried and taken up in 6N HCl. Sr and Nd were separated and purified using ion-exchange chromatography as described in Romer et al. (2005) . Pb was separated using the HBr-HCl ion-exchange procedure as described in Romer et al. (2005) 
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